Abstract The textile and dye industries require an enormous amount of water for processing and produce a large volume of wastewater. Generated wastewater had potential hazards and a threat to the aquatic biota. The present work investigates the decolorization of brilliant green dye using a combination of two advanced oxidation techniques viz sonocatalysis and photocatalysis (immersed lamp) known as sonophotocatalysis (3 L capacity). The efficiency of decolorization is further improved in the presence of various additives viz. copper oxide, zinc oxide, and sodium chloride. The maximum decolorization of brilliant green (BG) (94.8% in 120 min) obtained in the presence of zinc oxide. The total organic carbon of the treated samples was measured to monitor complete mineralization of BG. The sonophotocatalytic process (in the presence of zinc oxide) shows maximum mineralization. Synergic combination of two oxidation processes increased the production of oxidizing radicals. Continuous cleaning of catalyst surface (due to sonolysis effect) improves the activity of the catalyst for photolysis operation. The present work is highly useful for the development of a sonophotocatalytic process.
Introduction
Textile and dye industries are considered as the second largest water consuming industries after the agricultural sector. The high amount of water was consumed during the processing, finishing and cleaning operations (Gogate and Bhosale 2013; Elsayed 2015) . In textile industries, the massive amount of wastewater are generated during production and application of dye. Generated wastewater has high initial chemical oxygen demand (COD) in the range of 3000-4000 mg/L. These is a major threat to ecology and aquatic biota (Gole and Gogate 2014; Sood et al. 2015) . Conventional biological methods have limitations to treat the high level of COD (Khuntia et al. 2015; Dong et al. 2015; Raval et al. 2016) . Advanced oxidation processes were found to be more efficient for the treatment of elevated levels of COD (Shambharkar and Chowdhury 2016) .
Advanced oxidation processes such as sonolysis and photolysis are useful for the treatment of high initial concentration of COD . The sonochemical effect is cavitational phenomena based on ultrasound interaction with aqueous liquid medium, when ultrasound passed through the liquid medium cycles of compression and rarefaction are developed. These cycles induced the cavitational bubble which expands and compresses before the collapse at million locations in the reactor. The higher temperature (4000-5000 K) and pressure (1000-50,000 bars) conditions reach inside the bubble cavity before collapsing (Gogate and Bhosale 2013; Gole and Gogate 2014; Shambharkar and Chowdhury 2016) . These conditions are highly useful for enhancing the rate of chemical processing. During cavitation cycle, reactions are occurring at the three zones: (a) inside the cavity of the bubble, (b) at the interface of gas-liquid, and (c) radicals generated after the collapse of the cavity. (Sathishkumar et al. 2016; Marković et al. 2015; Ahmedchekkat et al. 2011 , Bokhale et al. 2014 . When UV light (photocatalysis) passes through the aqueous solution, the holes (h ? ) and electrons (e -) are generated. These generated holes and electrons can trap the pollutant on the actives site on the catalyst surface (Ertugay and Acar 2014; Kumar et al. 2015) . The efficiency of photocatalysis process depends on the formation of hydroxyl radicals or the number of active sites in an aqueous medium and subsequent reaction between the hydroxyl radicals and targeted pollutants (Bhaskar et al. 2016; Dalbhanjan et al. 2016) . The efficiency of photocatalysis process depends on the position of the UV lamp. Most of work reported in the literature on distributed type of lamp position photoreactor. A major limitation such a photoreactor is a part of the reactor volume expose to UV radiation. Perforation of UV irradiation is limited to few millimeters' in the aqueous liquid. To overcome these limitations, immersed lamp position type photocatalytic reactor is recommended for increasing perforation depth of UV light (Anju et al. 2012; Bouanimba et al. 2015) . The significant shortfall with both oxidation processes is a local concentration of irradiation effect. Bhaskar et al. 2016; Dalbhanjan et al. 2016) . The combined effects of sonocatalysis and photocatalysis (sonophotocatalysis) are useful for increasing the production of oxidation radicals. Another advantage of sonophotocatalysis and continuous cleaning of catalyst surface (sonochemical effect) increased the operational efficiency of the process.
The present work investigates the decolorization of brilliant green (BG) dye using sonophotocatalytic reactor. This dye is commonly used for various applications, typically in paper industries (Ertugay and Acar 2014; Kumar et al. 2015; Anju et al. 2012) . BG is highly toxic and recalcitrant compound and it poses a danger to human and aquatic biota due to mutagenic and carcinogenic effects (Sood et al. 2015; Khuntia et al. 2015; Shambharkar and Chowdhury 2016; Raval et al. 2016) . Degradation of BG dye using photocatalysis (distributed lamp position) and sonocatalysis has been well studied and reported in the literature. Some works reported on the treatment of BG using nanocatalysts such as cerium oxide (Li et al. 2016) , WO 3 (Kim et al. 2016 ) and C60 nanowhiskers (Park et al. 2016) . Other studies reported on TiO 2 -SiO 2 nanocomposites (Dong et al. 2015) , TiO 2 -Sr (Sood et al. 2015) , peat and natural zeolite-based solid composite (Elsayed 2015) and silver tin sulfide (Shambharkar and Chowdhury 2016) . Studies on the degradation of BG using a combination of additives (H 2 O 2 , Na 2 S 2 O 8 , and NaOCl) with hydrodynamic cavitation and acoustic cavitation reported that cavitational yield of BG was more for a combination of hydrodynamic cavitation with chemical oxidation compared to a combination of acoustic cavitation with chemical oxidation (Gogate and Bhosale 2013) . Gole and Gogate (2014) stated that the sequential combination of sonochemical and microwave effects was found to be more efficient for degradation of BG. The degradation of BG using ozone microbubble reported maximum degradation in 30 min (Khuntia et al. 2015) . Most of the studies on the treatment of BG reported using the single effect of sonolysis, photolysis or chemical oxidation in the presence of a catalyst and few volume of operations. The present work investigates the combination of oxidation process based on photocatalysis and sonocatalysis for 3 L capacity. The study also explored the effect of catalysts on the cavitational activity and a photocatalyst activity in the presence of copper oxide and zinc oxide. The effect of change in the properties of an aqueous medium by adding salt (NaCl) was investigated. The total organic carbon was measured by analyzing the mineralization of dye and its intermediates.
Materials and methods

Materials
Brilliant Green (purity C90%) dye was procured from M/s K. C. Medicals, Pune, India. Reagents used for experimental studies are zinc oxide (assay C99%), copper oxide (assay C95%) and sodium chloride (assay C99.5%) (all reagents are Merck made). These reagents were obtained from a local supplier Pune, India. All reagents and chemicals were used as received from vendors without any purification or further treatment. A standard stock solution of known concentration of brilliant green dye (BG) was prepared by dissolving solid particles of BG dye in distilled water. Distilled water was obtained from the water distillation unit at AISSMS College of Engineering, Pune, India.
Reactor configuration
Schematic of sonophotocatalytic reactor used in present work is shown in Fig. 1 . Sonochemical experiments were performed in an ultrasonic bath procured from M/s Oscar Electronics, Mumbai, India. Bath inner dimension is 25 cm 9 17.7 cm 9 9 cm, electric power input is 120 W, fixed frequency of operation is 20 kHz and volume of the bath is 3.5 L. Three transducers attached at the bottom of the reactor with triangular pitch arrangement. Actual power was dissipated into the reactor obtained from the calorimetric result (power: 43.9 W *36.6% and volume: 3 L).
In photocatalysis experiments, two UV lamps were placed in glass cavity at a distance of 2 cm away from the adjacent wall and 2 cm from the bottom of the ultrasonic bath. The diameter of the glass is 5.5 cm and made of borosilicate (purity C88%, glass has the similar property of quartz, and there is a marginal attenuation of the sound wave). Specifications of lamps are dimension: 5 cm 9 5 cm 9 7 cm, power: 5 W, frequency: 50 Hz, voltage: 220-240 V, Luminous flux: 220 Lm. The wavelength range of UV source is 350-450 nm with a prominent peak at 365 nm. The distance between the two lamps was 8 cm and placed on the wooden kart. The wooden kart was wrapped with aluminum foil to avoid UV radiations. Sonocatalytic experiments performed by keeping only ultrasonic bath 'on' mode, for photocatalytic experiments only UV lamps were 'on' mode, and for sonophotocatalytic experiments both ultrasound bath and UV lamps were 'on' mode. A blade type stirrer was introduced at the center of bath and 2 cm above from the bottom of the bath. Stirrer was used to maintain the homogeneity, suspension of heterogeneous catalyst/additives and uniform sonochemical and photochemical effects. The stirring speed was operated at a constant 400 RPM for all experiments.
Experimental procedure
A stock solution of 20.8 lM concentration of BG dye was prepared by dissolving BG dye in distilled water. Initially, reactor was filled with 3 L of BG dye solution and catalyst was added. All the experiments were performed at the natural pH of the solution. The solution was stirred for 10 min at 400 rpm to dissolve the BG dye and solid particles of additives such as sodium chloride. Constant reactor temperature of 25 ± 2°C was maintained by running the bath in the cyclic operation mode of 'on' and 'off.' Samples were withdrawn at 10 min interval of time and quenched immediately in an ice bath to stop the rate of decolorization of BG dye. The results of quenched samples compared with an instant analysis. The results analysis by both methods were nearly same with a standard deviation of 0.3 lM Bhaskar et al. 2016) . The change in pH during experiment was not measured. However, degradation of BG released the sulfate group (SO 4 2-) and lowered the pH of the solution (Li et al. 2016) .
BG dye is one of the azo dyes consisting of azo (-N=N-) and sulfate (SO 4 H -) group and is highly soluble in water (100 mg/L) (Sood et al. 2015) . Decolorization efficiency of the dye depends on the cleavage of the azo group from the aromatic rings. The experiments were performed for decolorization of BG dye using sonocatalysis (US), photocatalysis (UV) and sonophotocatalysis (US-UV) in the presence/absence of additives. The optimized condition results are presented in Table 1 . These results are discuss with an objective of exploring the efficacy of synergy of the combination of US-UV.
Analytical procedure
The collected samples at a variable interval of time were filtered using filter papers of 0.45 lM size (Make: Millipore) to remove the traces of solid particles. The progress of decolorization of BG dye was monitored using double beam spectrophotometer (Chemito SPECTROSCAN UV 2600) at fixed wavelength (k) of 663 nM. The calibration curve was obtained by preparing the standard solutions of a different concentration of a range of 1-50 ppm followed by analysis using a spectrophotometer. The concentration of carbon remaining after the treatment was measured by total organic carbon analyzer (TOC). Shimadzu TOC (Model: TOCLCPH) analyzer was used to monitor the concentration of carbon of the samples collected at optimizing conditions. The procedure for measurement of TOC was reported in the literature (Freire et al. 2015) .
Results and discussion
Effect of US, UV, and US-UV
The result of the influence of US, UV and US-UV on the removal of BG dye is shown in Fig. 2 . Result trends indicated that the concentration of BG dye decrease with time. The linear decrease in concentration of BG observed in initial phase of 60 min of operation. The further decrease in concentration with time was marginal compare to the initial phase of degradation study. The maximum decrease in concentration of BG was observed for US-UV compared to the US and UV. Removing moles of BG for US-UV was greater than the sum of total moles removed from UV and US. Moles of BG remaining after 120 min of treatment were 13.4 lM (35.6% removal), 14.9 lM (28.3% removal) and 8.2 lM (60.3% removal) for US, UV, and US-UV, respectively. Results clearly indicate that decolorization of BG was maximum for US-UV operation. Decolorization of BG dye depends on the removal of azo and sulfate groups from the aromatic rings. Cleavage of these groups increases with the oxidation reaction between these groups with oxidation radicals (Gogate and Bhosale 2013; Khuntia et al. 2015) . The formation of the hydroxyl radicals during the sonochemical process depends on the cavitational activity or numbers of cavitation event per unit volume of solutions. Hydroxyl radicals were formed by pyrolysis mechanism of breaking the bond between the hydrogen and hydroxyl ions. It increases with the number of the transient collapse of the cavitational bubble (Reddy et al. 2016) . During photolysis, photon released from the UV source is absorbed by the water molecule and breaks the bond between the H Á and Á OH ions. Production of hydroxyl radicals during sonolysis depends on the liquid physiochemical properties of an aqueous medium, such as vapor pressure and surface tension (Bokhale et al. 2014) . Decolorization of BG enhanced on the multifold basis for the synergic combination of US-UV. This multi-fold increase in degradation is due to increase in the concentration of hydroxyl radicals and subsequent reactions between hydroxyl radicals with targeted pollutants (Ahmedchekkat et al. 2011) .
The obtained results were closely related to the literature-reported work. Sonophotolysis degradation of naphthol-blue dye stated that decolorization efficiency was more for US-UV combination (*3%) compared to sonolysis (*2%) and photolysis (*1%) for an initial concentration of naphthol blue-black as 10 mg/L and pH as 6.8. Higher decolorization rate for US-UV is due to increased in the concentration of hydroxyl ions for US-UV effect compared to effect UV or US alone (Reddy et al. 2016 ).
Effect of copper oxide
Copper oxide is considered as the most effective oxidation catalyst for promoting ultrasonic cavitational events. During sonication, tiny amounts of copper oxide particles act as nuclei sources for increasing the cavitational activity. These tiny molecules are further fragmented into smaller particles and created an additional source of increasing the cavitational activity (Kumar et al. 2015) . Selection of optimum concentration of solid particle is essential because at higher concentration of solid particles may decrease the degradation rate due to the scattering effects and attenuation of incident sound energy. Photocatalytic activity depends on the optimum of the concentration of catalyst loadings (Anju et al. 2012) . Optimum concentration for decolorization of BG was 3, 3 and 2 g/L for US, UV, and US-UV, respectively, and results of decolorization of BG are shown in Fig. 3 . Results indicate that decolorization of BG decreases linearly for first 90 min and the further increase was marginal. Moles of BG remaining (copper oxide concentration: 3 g/L) after 120 min of treatment were 2.9 lM (85.8% removal), 7.3 lM (64.8% removal) and 5.2 lM (74.8% removal) for US, UV, and US-UV, respectively. The maximum decolorization rate was observed for US compared to UV and combination of US-UV. Synergy effect of US and UV was not observed on decolorization of BG. Lower decolorization for US-UV may be due to scavenging effects of a combination of hydroxyl radicals to form hydrogen peroxide or other radicals (Ertugay and Acar 2014) . The possible reduction of photocatalyst efficiency was due to the adsorption of contaminants on the catalyst surface which may block the active sites of the catalyst. Overall it can consider that copper oxide is a suitable catalyst for US compared to US-UV and UV mode of operations (Marković et al. 2015; Ahmedchekkat et al. 2011) . The results are consistent with the reported findings. The study of US-UV degradation of rhodamine 6G indicated that degradation increases with the addition of copper oxide; the maximum degradation of 52.6% was observed for (1.5 g/L loading of copper oxide) US-UV treatment and 26.4% for UV treatment at 12.5 pH of the solution (Bokhale et al. 2014) . Similar results reported for US-UV degradation of dye C.I. acid orange 7 in the presence of titanium dioxide reported that pseudofirst-order rate constants were 1.54, 3.38 and 7.24 min -1 for US, UV and US-UV operations, respectively, and synergic index as 1.47 (Marković et al. 2015) .
Effect of zinc oxide
Zinc oxide (3.2 eV) has similar properties like TiO 2 (3.2 eV). It is considered as more stable photocatalyst compare to TiO 2 . It has several advantages over the TiO 2 such as electron mobility of ZnO (*100 cm 2 V -1 s -1 ) is twice that of TiO 2 ([1 cm 2 V -1 s -1 ). The combined effects of sonophotocatalysis in the presence of zinc oxide increased the surface area for photocatalytic activity and provided additional nucleation growth for increasing the cavitational activities. Catalyst activity, and the surface area of catalyst (fragmentation of catalyst particles is due to US effects) were increased for combination effect of US and UV. Another advantage of US-UV is the continuous cleaning of catalyst surface (Ertugay and Acar 2014; Kumar et al. 2015; Anju et al. 2012) . The increase in the population of hydroxyl radicals may lead to higher decolorization of BG. Sono decolorization of BG reaction scheme in the presence of zinc oxide is shown in Eqs. (2)- (8) ( ')))' represents interaction of US with liquid medium):
Equations (1)- (3) show that during sonolysis, the net production of oxidation radical is much lower compared to oxidation radicals formed in the presence of zinc oxide (Eqs. 4-8). Excess production of oxidizing radicals in the presence of zinc oxide was highly useful for decolorization of BG. When zinc oxide is illuminated by the UV light (photons) and energy level of zinc oxide exceeds band gap energy to stimulate electron (e -) from the valence band to conduction band. Holes produced in the valance band excite due to shifting of an electron from valence band (Ertugay and Acar 2014) . These holes and electrons produced from the photon energy interact with H 2 O or Á OH radicals to produce oxidation and hydroxyl radicals (Eqs. 9-15). These oxidants produce from photoexcitation in the presence of zinc oxide highly beneficial for decolorization of BG. 
Results for decolorization of BG in the presence of zinc oxide are shown in Fig. 4 . The resulting trends show that decolorization of BG increases with an increasing time. During the initial phase of decolorization showing the linear correlation with time (up to 60 min), a further increase in time shows the marginal decrease in concentration of BG. Decolorization rate was maximum for US-UV followed by US and UV, respectively. Concentration of BG for 120 min operation in the presence of ZnO (2 g/L) was 3.9 lM (81.0% removal), 5.8 lM (72.3% removal) and 1.1 lM (94.8% removal) for US, UV and US-UV, respectively. The increase in decolorization of BG might be due to more active sites on the catalyst surface. The combination of US-UV is useful for the production of oxidation/hydroxyl radicals in the presence of zinc oxide and physical effects associated with US useful to clean the catalyst surface. Thus, more active sites are available for photoexcitation (Bokhale et al. 2014; Reddy et al. 2016) . US-UV catalyzed is process useful for deagglomeration of catalyst particles. This effect may be useful for enhancing numbers active sites for photocatalysis process and more numbers of the additional sites for bubble defragmentation for sonocatalysis (Anju et al. 2012) . Thus, there is multi-fold increased in hydroxyl radical's for US-UV effect compare to individual effects of US or UV. The recombination of these radicals (e.g., Á OOH) lowered the oxidation potential (e.g.,
Á
OOH) compared to hydroxyl radicals. Thus, the combined effects of sonophotocatlysis do not show synergetic effects on the degradation of BG. Our results closely related to the reported work in the literature, sonophotocatalyzed degradation of direct blue 71 dye in the presence zinc oxide loading of 1 g/L for UV and US-UV process was 48 and 100%, respectively. They reported that the optimal selection of catalyst loading is useful to avoid scattering of light and attenuation of ultrasound (Ertugay and Acar 2014) .
Effect of sodium chloride
The addition of salt plays a vital and significant role in enhancing sonophotocatalytic decolorization rate of BG. The results of moles of BG removal are shown in Fig. 5 . Moles of BG remaining after 120 min in the presence of sodium chloride (concentration: 2 g/L) were 3.4 lM (83.7% removal), 9.4 lM (54.7% removal) and 7.2 lM (65.2% removal) for US, UV, and US-UV, respectively. Decolorization of BG is more for US but less than the addition of copper oxide and zinc oxide. Removal trend of moles of BG clearly indicates that addition of salt does not show any additional benefit for increasing the decolorization rate of BG. The addition of sodium chloride during sonication is beneficial. Salt changes the physiochemical properties, viz. vapor pressure; surface tension leads to change in partition coefficient of aqueous wastewater solution ). In the presence of sodium chloride, the pollutant (US) present in bulk of solution pushes towards the interface of the bubble (Kumar et al. 2015) . It helps to increase the contact between the hydroxyl radicals formed at gas-liquid interface and targeted pollutants. An additional benefit of the addition of salt increased in cavitational events, which may be useful for higher decolorization of BG (Reddy et al. 2016) . Lower decolorization of BG may be due to the adsorption of the pollutant of the catalyst surface which may reduce the formation of hydroxyl radicals. The addition of salt does not increase active sites during photocatalytic process. Salt has a detrimental effect on UV absorption. Cations and anion of sodium chloride affect the degradation efficiency of UV process. Cl Á ion acts as the radical scavenger during the UV process and reduces absorption of ultraviolet radiations (Bhaskar et al. 2016; Dalbhanjan et al. 2016) . Increase in decolorization of BG in the presence of UV (presence of sodium chloride) compared to UV (absence of catalyst) may be due to the beneficial effects of addition of salt, which may use for US process especially Cl Á ions. The presence of Na Á radicals may be useful for increasing the active sites in UV process (Bouanimba et al. 2015; Dong et al. 2015) . Inhibition in the rate of decolorization has seen in the presence of chloride ion. It may be due to scavenging characteristics (hole) of chloride ion based on the following Eqs. (16)- (19):
Our results are consistent with the reported literature; the photocatalytic degradation of humic acid in the presence of sodium chloride reported that TOC removal was higher ([90%) in the absence of sodium chloride for 240 min of operation. Sonophotocatalytic degradation of rhodamine B and rhodamine 6G in the presence of optimal loading of sodium chloride was 69 and 71%, respectively (Bhaskar et al. 2016) . Study on the removal of Rhodamine 6G using solar irradiations in the presence of maximum loading 1.5 g/L of sodium chloride reported 45% of reduction of chemical oxygen demand ).
Mineralization of BG
BG consists of azo group, sulfate group, and an aromatic ring. The complete mineralization of BG depends on the oxidation of these groups and ring (Gogate and Bhosale 2013; Khuntia et al. 2015) . Total organic carbon (TOC) removal was measured to monitor the mineralization of BG. Results of TOC removal, cavitational yield, pseudofirst order rate constant and percentage of decolorization are shown in Table 1 . TOC removal was maximum for US-UV operation compared to the effects of UV and US. The highest removal of TOC was observed for US-UV in the presence of zinc oxide; similar results were observed for the UV and US in the presence of copper oxide. Lower TOC removal observed for US followed UV in the presence of all catalyst. TOC removal for US-UV maximum to minimum in the presence of catalysts was zinc oxide [ copper oxide [ sodium chloride [ no catalyst. When the results were compared based on the pseudo-firstorder rate constant, the similar pattern of TOC removal was observed. The maximum pseudo-first-order rate constant was observed for US-UV in the presence of zinc oxide.
Efficacy of sonophotocatalytic reactor depends on the number of hydroxyl radicals and uniform distribution of these radicals in the reactor (Anju et al. 2012 ). These results confirm that zinc oxide acts as a photocatalyst for UV operation and enhances the surface cavitational activity for US. Thus, the production of cavitational events per volume in the reactor and formation of actives sites for the generation of hydroxyl radicals/oxygen radicals are more in the case of US-UV (the presence of zinc oxide). The number of oxidizing radicals required for complete mineralization of BG depends on the number of oxidizing radicals needed for degradation of BG and degradation of intermediate products formed during the oxidation of BG Bhaskar et al. 2016; Dalbhanjan et al. 2016) . The common oxidation products of BG are 4-dimethylamino-phenol, (3-dimethylamino-phenyl)-(4-dimethylamino-phenyl)-methanone, phenol, 4-dimethylamino-benzoic acid, dimethyl-phenyl-amine, (3-aminophenyl)-phenyl-methanone, 4-amino-phenol, 3-aminobenzoic acid/4-amino-benzoic acid, aniline, oxalic acid, acetic acid, and acetamide. Complete degradation of these intermediates and BG depends on the physicochemical properties of the aqueous solution and the activity of these intermediate during the sonolysis and photolysis (Gogate and Bhosale 2013; Gole and Gogate 2014) . Compounds with lower pH or pKa value attract towards the cavitational bubble or near the interface of the gas-liquid interface. Lower pH is also beneficial for the degradation of photocatalysis activity. At lower pH, the molecules quickly dissociated into the ions and cations. These ions rapidly deposited on the surface of photocatalyst (Li et al. 2016; Kim et al. 2016) . Other factors also contributing to the degradation of BG are the intensity of radiation of UV light and uniform distribution of cavitational effects in the sonochemical reactor. The maximum absorption of UV radiations was improved by a selection of the location and position of UV light. UV light with immersed position was recommended for improving the distribution of light (Elsayed 2015; Sood et al. 2015) . Degradation of BG using US-UV was found to be more efficient and has more potential for scale-up aspects.
Conclusions
The present work confirms the efficacy of sonophotocatalytic reactor for decolorization of BG. Decolorization of BG was investigated using sonocatalysis (US), photocatalysis (UV) and sonophotocatalysis (US-UV) in the presence of a catalyst like copper oxide (enhancing surface cavitational and photocatalytic activity), zinc oxide (increases the photocatalysis activity) and sodium chloride (change the physicochemical properties of the liquid medium). Decolorization of BG depends on the number formation of oxidizing radicals. Sonophotocatalytic reactor has shown the maximum efficiency in the presence of zinc oxide. The maximum decolorization, TOC removal, and pseudo-first-order degradation rate constant were 94.8, 38.8, and 30.8 min -1 , respectively. Investigation of the present work indicates the potential applications of the immersed lamp sonophotocatalytic reactor for treatment of brilliant green dye.
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